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Al)slrw(. ‘1’hc. 1(1-I)] wind sped over tlIc occaIl  CaII Im Wimatcd fro] II microwave bri~,ll[  ncss

kun]malurc IIICaSLIIC.IIICIItS  rccordccl by tlIc  s]mial SCIISOI Micmvavc lIWIF,CI (SSM 1) il)S[l’lllMHl[

IImun[cxl  of I a l]ol:ll-c)ll)i~il]~  spacccraf{. 1 kmr-year(1988 -1 991) film series of .avcrafI,c  daily 10 x

J” SSh41 wind spds were. aINIlyml at sclcdcd sites ill the wc.skv II ti oj)ical  I’acific OcmI~. Onc- to

Iwo-lmm[h  lxxiod wind Sjlc.cd oscillatio]ls with allq~litmlcs  statistically sip,l~ificant  at lIK 95%

coIIf I(lcIKc.  lCVC.I were observe.(1 IIc.ar Kan(on>

of SUC1l an oscillalim iII SSh4 I wind spds.

it~iwctoli,  (ill:llll, aIld ‘1’ruk.  ‘1’llis is tllc first report

II) fl’()(lucli()li

‘J’hc first Slxxia]  Scmsor h4icmvavc lmagcr (SSh41) instrument was launclml on a lx)lar-

orbit itl~,  1 kfcmsc.  h4c.tcc)rolc)~,ic.:~1  Sa[c.lli(e  l’ro~,ral]~ (l)h4S1’)  sjmcc.crafi ill .Iuly 1987. A scxond aIKl

third SSh4 I were launched in 1 lxxmbc.r 1990 aIKl Novcmbc.r  1991. Alp,oIit]IIIIs  trtm]atc  SSh4 I

IIlc.:IsLIIC’.Illc.IIts  of polarized microwave radiatim into atlnosldmric  variablcx,  incllldinpj  wind SIKXXI

at 1 O-m hci~,hl  OVCI tlm oc.can.

‘1’IIc. objcdivc  of this study is to dckrmim  WI IC.(IICI’ SSM 1 wind spcc.ds in tlIc (roj)ical  l’acific

col~(ail]  c.vidclm of tlm 40- to 50-clay period h4addcm.lulian  Oscillatiw~  (h4.lo), which WAS firs[

discovmxl by h4a{idcn  and Julian [ 1971, 197?;  scc also MaddcII aI~d Julian [1994] for a rcvicnv].

‘1’l]cir  studic.s rcvc.:ilcxi a spc.clral  peak ccntcrd  amul~d  lmiocis of 40-50  days in pmsurc, renal

win(i, aIKl Icmlmra(um  data. ‘1’hc. h4.10 occurs tllrm~,hou( tllc tropical  u}ywr IIOIK)SI)lICIR In][ in the

10WCI tmlmsplmrc it is strmg,cst  in tllc wcs[cl I] l’aciflc. ‘J’hc h4J() orip,inatcs over the WarIII  watm

of’ tllc eastern lndi:in  Occan  md vmtc.m ]’acific OccaIl, and ]mvcs  eastward a[ about  5 III s-f. ‘J”hc.

h4.10 is I cpc.scntativc  of equatorial trapped KclviII wavc,s crc.a[cd  by cxmvdivc  disturlmnccs
*

lwlwc.cn alml 60’)1 i and 160’)1 i.
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l)ata,

‘J’hc SSM I is a 7-clIaIIIml,  4-fIcqucncy,  ]incarly lmlarimd,  passive microwave radiometer.

‘lIK jtllcllsi(y of microwave radiation cmi((c.d at tlm occm surface is affc.c[cd by sca sulfam

Iou~,lIlmss, whicl) is corrc.late.d will] surface wild  speed. Rcmolc Scmsinf,  SystcIns  (1<SS) of Santa

Rosa, California, used the Wcntz  [ 1989, 1992] lmccdurc.  10 prcmss 37-G] lz vcxlically  - and

l~oli~c)ll(:~lly  -llc)lali~.c(l  bI ip,ll(ncss  tcml~craturcs  il~to 1 (J-11] lIci:,lIt  wind spcxxls. ‘1’tlc IImlcl fundimi

rclatinr,  wind spc.c.d to clcctl{)l)~:ip,t)ctic  radia!m  was considcrd  invalid within 1 (K) km of land aIKl

?()() km of sc.a icc edge, and whc.n the tottil  liquid watt] col Itcnt in tlm atmosplmc was f,rc.atcr Ihan

0.25 k~, in-? lmmusc  ill c:ich case tlmc would bc. a n Iarkcd  cl IaI)[:c  in radi:itivc clnission.

‘lhc l< SS-dc.rivcci  SSh41 wind spcds  occurrc.d iII non-ovm la})j)in~,  arc.as of 25 km x 2.5 kin,

whicl] were amycd  moss the appmximalc  140()-kIII swath width. (icc)~,l:ll)llic:il  cxmrclillatcs

cor)cslmnd  to [k ccntcr of cad 2.5-km x 2.5-km rcp,ioll, A daily ari(blnc.tic mc.an wind sped was

coIIIjmtcd at IIIC JCI l’qmlsim  1 Amatory for caclI  1/3” x 1 /3c’ amt. h40st  1/3” x 1 /3° arc.as

cmtaimxl two or Ihrc.c SSMI wind mc.asmmcmts pcI day. ‘J’hc.  l/3c’ x 1 /3° area is the j~ixcl  si~c of a

nuInlm  of satellite-derived da(a produds,  includjnf, IImINIIly mean SSh41 wind speed and

assoc. iatcrl samp]inp,  distribution, puldishcd  in a scrirs of annual atlasr.s  [c. g., 1 lalpc.rIl  cf al.,

j ~~~].  Av~l:ip,~  daily ] o ~ ] o wj]~(l spc,c,(ls  WC,W C{)III])LI~CXl  at ]OWa Stak  Ilnivmity (lSIJ) W]ICII

five or lmrc of the nine 1 /3C) x 1 /3° clmmnts  contaild  data. 1 kta :,aps were filled with a time aIKl

SINKC wci~,l)tcd avcragins, schcdnc cmj)loyinp,  daily 1 C’ x 10 va]llcs.  A data ~,a]~ k)ll:,Cl (hali 20 d2tyS

was not find.

‘1’IIC. accuracy of SSh4 I wind spcds  in the trq)ical  l)acific (kc.an  lNIS bc.cI~  dctcmnincd  by

cmnparison  with moord-lmoy  wind IIlc:islllc.lllc.llts  (rcfcrcnccd to 1 ()-in lmi~,ll[) al abml twc.nty

sites. ‘1’hc ]’oot-l~lc.all-s(lllalc  (IIns) diffcrcmc and lncan diffc.rclm bdwc.cn  recall  daily buoy and

2/3” x 2/3° SSh41 wind spc.cds in the tropical l’acific during 1988 an(i 1989 were 1.5 ald  0.2. m s-1,

rcspcctivc]y;  the cmrclation  cmcfficicnt  was ().’/5. 1 ‘{H mmtllly IImI wind spc.cds,  the. rms

diffcmw.c dccrcasc.d to 0.9 m s ] and the cormla[ioll cocfficicmt  incrcascd  to 0.81 [1 lalpcm,  1993].



Altlmp,h  the SSh4 1 d:tta SC( bCRaII jn .IuI y 198’/ aIKi cmltinuc.s  to tlm prcscmt, tlIc. 13 January

1988 (o 181 MXHIIIKV 1991 (imc inlcrva] was CJIOSCW. A 40-day  data :)aj) Id OCCUIKXI il~)lncdi:l(e]y

prior to 13 Jan[lary 1988. ‘J’IIc SSh41 data availnblc  aflcr 18 lkccmlm  1991 were rccmdcxl  Wit]l a

difkrcnt  SSh41 on a diffcrcnl 1 Jh4Sl) space.craf(, and diffmmc.cs klwccn  IIK two SSh41 data sc.ts

I 1 lalpcwl  d Wcmt7,  1994] were considmxl too larp,c. 10 cxcatc  a colnposi(c.  2-satctlitc  data SC(.

III tlIc SIKCIIXI  analysis tccllnicluc  employed at 1S11, a linear lcas(-squarcx fit of tlm fmn At -t

W was pcIfoII~Kxl m cad time series of daily 1 c’ x 1” wind spcc.cis,  WIIC.IC A, t and W am IIIC slop:

of [he. linear trend, ( is tim and W is lIIC wild  sped at [ = o, mpcdivc.ty.  ‘1’lm  limar lKIKI was

ICIHOWX1  10 crcatc  the ti]m series of the wind spd flm(ualicms W’j. ‘1’hc s[an(lar(l (lcvia[ion, 0, of

[]IC dclrcm(]c.d tilnc series ws ca]cll]a[cd.  A IICW Iimc Series, )!T] o 1 , was constmtd,  which

rc.prcscntd  the. dctrcfndcd series with cad wind sped cxprcssc.d  in tcrfm of 0.

A cosine taper was applid  to the lq,imin:,  md ml 10% of the. time series to ICCILICC. spectral

lcal;agc.  1 ;ach series was then spectrally analy7ccl by fast 1 ‘ourim t]allsfc)rlll:ltioll  and the power l’~

wm calcmlatui for cad lburicr harmonic k, acxm(ling  10 the dcfinitim  l’~ = (1/2.)( C~2 -t S~2),

WhCJ’C, {~~ [Hid Sk al’C [k ktil ] ‘OU~jCl” ~~sill~  and sillc CC)Cff]CiCIlts,  ‘J’}IC {]]1,  ,,,,, 1)N12  } valL]Cs

formal the pcriodogram  or powcJ spectral dcmsit  y wjth t wo dcgrccs of frccclmn  (1 X)l ‘). II) Illc

pl”CSC.11(  Stlldy, 5° X 5° l’CgiOIIS  WC.1’C al’l)ifl’~1’j]y  C] KNCII  MIJNTdlt to flVC si~Cs ill (k tl’O]>iCa]  ]’Kifk

(’J’alJlc  1), where Maddcm ad Julian [ 1971, 1972] found cvidcncz  of 1- to 2?-JI)oJ)II) oscillations.

IIccmsc  SSM I wind spcds  do Jmt exist foJ’ land  ]ocatims,  J)O SSh41 series could bc oblainc.d for

the actual locations cmployd  by Maddcm and Juliatl  [ 1971, 1972]. ‘1’hc cnsc.mblc  of twcmty-five

(maximum) ]Jclio(lc~f,lallls,  cad associated witl] a 1 “ x 10 area, was avc!agcd.  At 1 h~iwctok  and

Yap, the cnscmb]c cfmsistcd of 24 clcJm.Ilts;  at other sites tlIc numl)c.I  of 10 x 10 ams was 2.0.

ln[lividual IJc.lio(lop,lallls”  within cad 5° x S“ ma were not indcpcmdcn[  bc.cause tk horizmtal scatc

of IIIc h4J() l!’aS llI1lC]I  ]iit’~c.l’  l]IfIII  5°. ‘1 k 5’1 x 5“ m Isc.I nl)lc-:ivcrap,cd  pcriodop,ral  n was SI 1 Iodhcd

with a “/-poin( running mean to yield powc.r spc.c.trtil  dcmi(y c.st imatcs with 14 lX1l:.
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‘1’hc Imkf,romd power spcclral dcmi(y 1~~ was (Ickrmincd subjcdivcly, and han(i-skc(chcxi

oIlto the spectral dcmsity  diap,ram. ‘J’hc sif,l~al-lo-noise ratio 1<~ is qua] to l’~/11~ for tlm k~tl

frequency, and Rk is used 10 dclcwninc  lhc slalislicxl sip,nificancx  of a spectral peak.

‘1’0 test whc,tkr a SSh41 wind sped spccttal  dcmity  pcxik at 1- to ?-month }miods,  which

lm previously bcm rcwcaled in a varic(y of data to cwrmpond 10 an a[mosphcric plICIIOIIKJICm

lN4addcII  and Julian, 1994], is s(atislical]y sip,nificani  (and, [hcrcforc,  lnay rcpmcnt ali

atwmphcric  circulation lJllcllolllc.llc)II),  wc make the null hypotlmis that any such pc.ak  is due. only

to Iandoln  flm(uations.  ‘1’hc level of sta(is(ical  sigaiflcxum  uscxl tlmu~,hou(  thr papc.r is 95%. If

the hypo!lmsis  is J@cdcxl,  the sJmtIal peak will bc, lakcn to bc sta(is(ically significant. ‘1’hc

hylmthc.sis is rcjcdcd if& cxcccds a Cl’i(iCal ma?,nitudc.  h4C (= ] .7) Iha( dcpcads  OH the ])0]; ad

tlIal is ciclcrmincd from lhc chi-squam  distrib~ltion. 1 ‘ollowin!,  MaddcII  and Julian [ 1971], wc call

this an “a priori” statist ical tc.st. If wc cxalninc only this spcdral  bad, a Rk cxcccdinf, 1.7

cstab]ishcs  the statistical existcmc.  d a SSMI wind SIMM oscillation.

Results

‘1’hc 4-ycm mean and avc.rage stmciard deviation of the claily  5° x 5° SSh4 1 wind spccxls  at tlIc

five site.s wcm 6.5 and 2.2 m s-l, rcspcdivcly. Not II Iuch  variation of mean and standard clc.viation

val ucs OCCUIKX1  bctwccn the sites (’l”abk 1).

A statistically significant spc.dral peak at 1- [o ?-month pcrids  was IWMSLIICX1  at Kantm

(1 ‘i~urc. 1 ) and at 1 iniwctok, Guam and “1’ruk (1 ‘i:,urc  2). No such statist icall y significant spectral

pc.ak was cvidc.nt in the SSh4 1 wind spc.cds  al Yap, ill contrast [o tlIc.  MJO obscJ’vcd  by h4addcn

and Julian [ 1972]. ‘1’hc amplitadc,  ofthc  oscillation at ‘1’mk, al(lmg, h s(a(is[ic.a]ly si~, nificatlt,  was

nol as prmninc.nt  as at the other sites.

‘1’hc. 1 2-day period spcdral  lmak al 1 illiwctok  is Imt cmsidcrcd to bc statistically significant.,

c.vc.n [Imu:,h  [IIC asscmiatcd Rk was grcalcr lhan h4C. ‘J’o ensure [Ila(  (here is only a 5% chance of:1

spc.ct  ral peak caused by random fluct  uat ions being i nconcdly i! It crprdcd  to bc rcprcscnt  at ivc. of
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almosphcrjc  phcmncma,  the. con ficlcmx lc.vcl must bc incrc.ascd  (0 99,95%, ‘1’his “a pos(c,l”i~lj”

stat istical significant tcsl [hqaddcm and Julian, 1971] is aIl af(cr-(hc-fact  test. IJor 14 IX)] I’, MC:

2.7, it)clicatinr,  lhat all spcclral  peaks o(hcr than Ihosc mociatcd with 1- to 2- month periods,

including, t Im 1 ?-clay peak at I iniwctok  and tk 7- to 9-day pc,ak at Kmlton, were not cmside.rcd

statistically sigtlifican(, ‘1’hc higher frcqwmy  spcc.tral  peaks perhaps ark from itltcmni((cmt  bands

of ccmvc.cticm  which pass every week or so, lnl( did ]Iot occllr  ullifomly  cmmgh  ovc.r the 4 ycfars

to bc statistically significant at 14 1X)]’. Note, lmvcvcr, that convcdicm  bands may have smaller

sc.ales than the. 5° x 5° box si~,c,  aId (bus larger IX)]:. A pmpcr  mdhd of assigning IIIC stat is[ica]

si~~,l]ificancq  bcyoncl the. scmpc of the. prcscmt paper, is through the usc of Monk  Carlo field

s[a(is(ic tcstinp,  [Stanford and Y,ie.mlm, 1994].

At Kantm,  the strong oscillation is WC.]] defined ii~ the unfiltcrd  time series of daily mean 1 c’

x 1 c’ SSM1 wind spcds  (1 ;igure  3). ‘1’hc amp]itwlc  of IIIC 30- to W-day pcrimi osci]lat ion at

Kmton varies throughout  the time rccmd. As can lx scm in 1 ‘igmc 3, the MJO signal comprises a

silbstantial  por(icm of the rccxml-lcnp,th  statldard dc.viation (1.7 m s-l, ‘J’able 1), with typical

alnp]itudcs  of 1 m s-l and occasionally cxcccding  2 II) s-l, ‘Jh 30- to 60-day ban(i-pass fi ltcrc(l

tilm scrjcs  (1 ;i~mc 3) mvcalecl  a weaker mplitudc  ill 1988  CiLIIiIIg  1.a Nifia than that in 1991 during,

1 i] Niiio, in accordance with the increased number and intcmsi(y  of wcstcr]y wincl burs(s thal arc

associated with (IN MJO and with the onset of 1 i] Niho [1 .MIICI c1 al., 1983]. A wc.stcrl y wind

burst in the wcstcm l’acific crcatcs a clownwdling  Kdvin wave pu]sc.  in the ocean to dccpcw [k

llv3]mclim2 :iml raise. sc.a lcvd in the castcm l’zicific.

in summary, cvidencc was prescn(cd for 1- to ?-mon(h oscillations in SSM1 wincl  speeds in

the wcstcm tropical l’acific. ‘1’his is the first rcpor(  of the. plIcIK)mcImI  with SSM 1 wind spccxls.

1 lonf, and Kim [ 1994] found cviclcmc.c  of the, h4J0 in SSM I rainfall data. ‘J’bus, SSh41 data caIl 1x:

USCX1 to dcscribc. several fc.at mm of the. h4J0 osci 1 lat ioa OWN vast regions of ocean wit hcmt islands.

AckI)~~~i~lc<clgci~  IeIII,Y, Wc appreciate lmlpful  col~~’c.ls:itiol~s”  with I h. Jcr:ild  R. Y,ic.lnkc (ISU),

William KnaLIss (J I’I,) crcalcd  the daily 1/3° x 1/3” SSM 1 data sc.t. Spc.ctral  analyses arc bad on
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‘1’ab]c  1. 1 ncation d 5° x 5° regions cormponding  (0 five islands in the wcshm  tropicxil  l’acjfic

OccaI~,  and mean ml s[mlard  dcviatim (Std ]Jcv) of daily avcrap,c SSM1 wind speeds during

ls]and

Kant o]]

1 iniwctok

(mm

Yap

‘1’suk

1 .ocation

?.8°s, 171.7°w

1 IAC’N, 162.z1°1i

13.6°N,  144.8°1;

9.5°N, 138.2°1i

7,5°N, 151.8°1i

1,oca(ion  of Nor(hwcst SSMI Wind Speed (m s-l)

(kmcr of 5° x 5“ Rcg,ion Mean St(l 1 )C.v

0°, 175°w 7.3 1.7

14°N, 160°1i 7.3 2.,1

1 (i”N, 142.”1 ; 6.2 2.3

12°N, 136°1 i 5.7 2.4

10”N, 149°11 6.2 2.3
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1 ;i~,urc  1. l’owc.r spcctml  density (relative units) versus period (in days) for 1-day, 5° x

SSMI wind spcxds at IO-m height near Kanton  island (2..8”S, 171 .7°W) during 1988-

norlbwcst  cxmcr of tbc 5° square is locate.d at 0°, 175”W. 7 Ilc SPCC(I”L1lll was Conlpu(cd

1 ()

5° average

1991. ‘1’hc

from an

cmscmb]c  average of 20 spcc(ra  associated with 1 -day, 10 x 10 SSMI wind spcccl  time series within

the 5° x 5° au-m. Spcc[ral cicnsitics  were. averaged over 7 pcrioclogram values and have 14 clcgrccs

of fmcdo]n. ‘J’hc. red-noise baclqyound  values (thin-dash Iinc) was subjectively evaluated. ‘1’hc

95% confidence lcvc.1 of spc.c(ral clcnsit  ics (thick-dash 1 inc) was compu(cd from tbc cbi-scluarc

dis(ributiono  ‘1’hc 30- to 60-day spectral peak is statistically significant at the 95% conficlcncc ICVCI.

1 ‘igurc 2. l’owcr spectral clcnsity (relative units) versus period (in clays) for 1-clay, 5° x 5° average

SSM 1 win(l speeds at 1 O-m hcigb(  near four central l’acific islands during 1988-1991:1 iniwctok

1-

(1 1.4°N, 162,4 °1~),  Kanton  (2.8°S, 171.7°W),  Guanl (13.6°N,  144.8 °1i), “J’ruk (7.5°N, 151 ,8 °1i).

1 iach spectrum was computed from an cnscmblc average of at least 20 spcc(ra associated with

clay, 10 x 10 SSMI wind spcccl  lime series within the 5° x 5° area. Spectral clcnsity  curves for

1 iniwctok,  Kanton and Guanl arc disp]accd  vertically for clarity, with zero spectral clcnsity

i ndicatcd  by a short hori~ont  al 1 inc. (above pcriocls c)f 5 to 7 clays). All four spectra cxbibit  1- to 2-

montb oscillations that arc 95% s(atis(ically significant, with the n]inimum amplitwlc  occurring at

‘1’ruk  .

1 ;igluc 3. ‘Jim series of daily 10 x 10 SSMI wind speeds rccordc,d  immcdia[cly south of Kanton.

(Upper Olrvc.) Unfiltcrccl wind spcc.d (m s-]) fluctuations about the 7.2 m s-] mean winci  spcccl

(clashed line). 1 ividcncc  for a 30-to 60-day fluctuation is disccrncd Ihroughou(  the 4-year record.

(1 ,owcr Curve) Same as Iqq~cr  curve but digitally band-pass filtered wi[h half amplitude at 30- an(i

60-day periods.
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